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= Lecture I: Introduction

= Qutstanding problems in particle physics
and the role of hadron colliders

= Current and near future colliders: Tevatron and LHC
= Hadron-hadron collisions

= [ecture ll: Standard Model Measurements

= Standard Model Cross Section Measurements as Tests of QCD
= Precision measurements in electroweak sector

= Lecture lll: Searches for the Higgs Boson
= Standard Model Higgs Boson
= Higgs Bosons beyond the Standard Model
= Lecture IV: Searches for New Physics
= Supersymmetry
= High Mass Resonances (Extra Dimensions etc.)



Standard Model Cross Section

Measurements as test of QCD

= Jets
= Wand Z bosons
= Top Quark Production



What is a Cross Section?

= Differential cross section: do/dQ:

= Probability of a scattered particle in a given

guantum state per solid angle d<2
E.g. Rutherford scattering experiment

= Other differential cross sections: do/dE(jet)

= Probability of a jet with given E;
= |[ntegrated cross section
= Integral: o =[do/dQ dQ

Measurement: ‘ G=(Nobs'Nbg)/ (SL)\I

Luminosity




Luminosity Measurement
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= Tevatron: 60.7+/-2.4 mb 10 100 'iﬁom

= LHC: 70-120 mb Vs (GeV)




Jet Cross Sections

partonic subprocesses for = Inclusive jets: processes qq, 99, 9g

central inclusive jet cross section

fractional contribution
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Highest E; probes shortest distances
= Tevatron: ;<108 m
= LHC:r <10 m (?)
= Could e.g. reveal substructure of quarks

Tests perturbative QCD at highest
energies
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Jet Cross Section History

Inclusive Jet cross section
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= Run | (1996):

= Excess at high E-

= Could be signal for quark
substructure?!?



Jet Cross Section History

Inclusive Jet cross section

= Since Run I:
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\ = Revision of parton density
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Jet Cross Sections in Run |l
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High Mass Dijet Event: M=1.4 TeV

CDF Run II Preliminary

Jet Etl = 666 GeV (corr)
583 GeV (raw)

etal = (.31 (detector)
0.43 (corr z)

Jet Et2 = 633 GeV (corr)
546 GeV (raw)
eta2 = =0.30 (detector)
-0.19 (corr z)
Run 152507

Event 1222318

DiJet Mass 1364 GeV (corr)

Z vertex =25 cm
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= Much higher rates than at jl,ft Cross Sectlozn
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W and Z Bosons

proton

= Focus on leptonic decays: ¢ g o'
= Hadronic decays ~impossible due to
enormous QCD dijet background T o - 0"
=  Selection:
= Z:

Two leptons p>20 GeV
Electron, muon, tau

%

= W
One lepton p>20 GeV
Large imbalance in transverse

/ i\\;‘\- .. Neutrino

momentum AT

Missing E;>20 GeV
Signature of undetected particle
(neutrino)

= Excellent calibration signal for many
purposes:
= Electron energy scale
= Track momentum scale
= Lepton ID and trigger efficiencies
= Missing E; resolution
= Luminosity ... 12




Lepton Identification

= Electrons: ki chqmpormee G 0
= compact electromagnetic cluster in e
calorimeter
= Matched to track

electromagnetic  padronic uo
calorimeter calorimeter chamber

= Muons:
tracking chamber

= Track in the muon chambers [ ]
= Matched to track :> - H

= Taus:
= Narrow jet

electromagnetic hadronic uon
calorimeter calorimeter chamber

tracking chamber

= Matched to one or three tracks

= Neutrinos:
= |mbalance in transverse
momentum

electromagnetic hadronic

= |nferred from total transverse - calorimeter  calorimeter chamber

tracking chamber

energy measured in detector
= More on this in Lecture 4 :> """""""""""""""""

13



Electron and Muon Ildentification

= Desire:

= High efficiency for isolated

electrons

= Low misidentification of jets

= Performance:
= Efficiency:

60-100% depending on |n|

Measured using Z's

Efficiency
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Loose ID Cuts
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Electrons and Jets

Run 166892 Evt 2775140 Sun Oct 27 03115:49 2002 Run 165892 Evi 32235853 Sun Oot 27 03.43:08 2002
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e 4

Electromagnetic Calonmeter Energy |

= Jets can look like electrons, e.g.:
= photon conversions from nt%s: ~13% of photons convert (in CDF)

= early showering charged pions
= And there are lots of jets!!! 15



Jets faking Electrons

= Jets can pass electron ID cuts,

= Mostly due to

early showering charged pions
Conversions:n—yy—ee+X

Semileptonic b-decays

'[ L=1.04 fb”

Jet20 (prescale=776.8)
Jet50 (prescale=33.6)
Jet70 (prescale=8)

Number of Jets

Jet100 (prescale=1)

% Difficult to model in MC -
Hard fragmentation 10° 0.1[V]<0.7 ]
Detailed simulation of 1[: CDF Run Il Preliminary
calorimeter and tracking volume 0 100 200 300 400 500 600 700
. L P (GeVic)
= Measured in inclusive jet data
at various E- thresholds | Jets faking “loose” electrons |
= Prompt electron content T A
negligible: O  worsl o wrersoce L
N.,~10 billion at 50 GeV! ch go_m;— ey -
= Fake rate per jet: - ]
CDF, tight cuts: 1/10000 g 2 -
. . m ﬂ;ﬂ'ﬂﬁ _ILIE
ATLAS, tlght cuts: 1/80000 2 0.04
= Typical uncertainties 50% 002
0 5 10 15 20 25 30 16



Di-Electron Invariant Mass Spectrum

= Z mass reconstruction Saoool-COF R W Prlimnary g,
= |nvariant mass of two leptons EI Lzt
Im= B+ B2 — G+ )| £
= Sets electron energy scale
by comparison to LEP
measured value P

= V. mass reconstruction DiElectron Mass (GeVic?)

_ | D@ Run |l Preliminary\

= Do not know neutrino p,

g1 5
= No full mass resonstruction ~ § s L Ze
possible G so0o” —=
* Transverse mass: s000
2000 .
‘ mT:\/|PeT|2+IP%I2—(ﬁ§v+ﬁ%)2 N o
i T TS0

W Transverse mass (GeV) /



Tevatron W and Z Cross Section Results

Uncertainties:

= Experimental: 2%

= Theortical: 2%

= Luminosity: 6%

Can we use these

processes to

normalize

luminosity?

= |s theory reliable
enough?

_ Omh,NNLO=2687254pb ‘ \YY \ OrnanLo=251.3£5.0pb ‘ y4 \

NNLO Theory  (martin, Roberts, Stirling, Thorne) NNLO Theory (Martin, Roberts, Stirling, Thorne)
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e 2865 + 75 e 264 + 10
DO prel. (u) DO prel. (u)
—8——2989 + 82 - 201+ 7
CDF prel. (e): n|>1 DO prel. (1)
- 2874 + 170 . 237+ 23
CDF prel. (1) " CDF prel. (1)
e o ] .
2620 + 221 242+ 54
2500 3000 3500 4000 200 250 300 350

W Cross Section (pb)

Z Cross Section (pb)

400
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More Differential W/Z Measurements

CDF 11 preliminary
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LHC signals of W’s and 2’s with 50 pb-

:gSm_ I I I I T I LI LILL 1 LI | LU I LI 1 I LI | LI :} L T | T T T | T T T T T T T T T T T T | T T T ]
3 - g — Wpv
%{)00:_ ATLAS = 1 04 =
L% - aDpb E -
500 I Extrapolated Backgrousd uﬁ ]
- B Signal . -
2000 B QCD MC stat (x50) 7 103 B -
1500 = :
1000 — 102 =
5{]{}:_ _: o T 7
U0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140
Invariant Mass Mee (GeV) Mry [GeV]

= 50 pb-! yield clean signals of W’s and Z’s

= Experimental precision
= ~5% for 50 pb' ® ~10% (luminosity)
= ~2.5% for 1 fb" @ ~10% (luminosity)
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Top Quark Production and Decay

= At Tevatron, mainly produced in pairs via the strong interaction

q t L 9 t
85% )OO 15%
e ( B .
g / g
— = / =
q t 9 t

= Decay via the electroweak interactions  Br(t —=Wb) ~100%
Final state is characterized by the decay of the W boson

Dilepton / W
®

Lepton+Jets t ~ -
O’
All-Jets b

Different sensitivity and challenges in each channel

21



How to identify the top quark

SM: tt pair production, Br(t—=bW)=100% , Br(W—lv)=1/9=11%

dilepton (4/81) 2 leptons + 2 jets + missing E;
[+jets (24/81) 1 lepton + 4 jets + missing E;

fully hadronic (36/81) 6 jets (here: |=e,u)

22



How to identify the top quark

SM: tt pair production, Br(t—=bW)=100% , Br(W->lv)=1/9=11%

dilepton (4/81) 2 leptons + 2 jets + missing E;
lepton+ijets  (24/81) 1 lepton + 4 jets + missing E;
fully hadronic (36/81) 6 jets

‘ missing ET ‘

23




How to identify the top quark

SM: tt pair production, Br(t—=bW)=100% , Br(W->lv)=1/9=11%

dilepton (4/81) 2 leptons + 2 jets + missing E;
lepton+ijets  (24/81) 1 lepton + 4 jets + missing E;
fully hadronic (36/81) 6 jets

‘ missing ET ‘ ‘ more jets ‘ N




How to identify the top quark

SM: tt pair production, Br(t—=bW)=100% , Br(W->lv)=1/9=11%

dilepton (4/81) 2 leptons + 2 jets + missing E;
lepton+ijets  (24/81) 1 lepton + 4 jets + missing E;
fully hadronic (36/81) 6 jets

‘ more jets ‘
25




Top Event Categories

Oe-e  (1/81)
B mu-mu (1/81)
B tau-tau (1/81)
Oe-mu (2/81)

Oe-tau (2/81)

B mu-tau (2/81)

B etjets (12/81)

B mu+tjets(12/81)
Dileptons

M tau+jets(12/81)

Ojets  (36/81)
26



Finding the Top at Tevatron and LHC

without b-quak identification

Tevatron CMS Preliminary @ 10pb™ ifﬁii“;’.?aﬁm
» 600 1 0 = It (other)
E L=0.9fb" * D@ Data 2 Bt
E .ti E 103 = B acD
5
> 400 Ioth_er LHC
'E 1 W+jets
3 B Multijet 10°
200
10

1 2 3 4 =]

0 1 >2 Jet Multiplicity

Number of tagged jets
= Tevatron:
= Top is overwhelmed by backgrounds:
= Even for 4 jets the top fraction is only 40%
= Use b-jets to purify sample
= LHC
= Signal clear even without b-tagging: S/B>1.5 27



Finding the b-jets

= Exploit large lifetime of the b-hadron
= B-hadron flies before it decays: d=ct
Lifetime t =1.5 ps-!
d=ct = 460 um Secondary

Can be resolved with silicon detector resolution ’\ Ly .8

displaced
tracks

Primary .-~

= Procedure “Secondary Vertex”: /// iy

= reconstruct primary vertex:
resolution ~ 30 um prompt tracks z
= Search tracks inconsistent with primary vertex (large d,):
Candidates for secondary vertex
See whether three or two of those intersect at one point
= Require displacement of secondary from primary vertex

Form L, : transverse decay distance projected onto jet axis:
L,,>0: b-tag along the jet direction => real b-tag or mistag
L,,<0: b-tag opposite to jet direction => mistag!

Significance: e.g. oL, / L,, >7 (i.e. 7o significant displacement)

= More sophisticated techniques exist

X

28



= Efficiency of tagging a true b-jet
= Use Data sample enriched in b-jets

= Select jets with electron or muons
From semi-leptonic b-decay

= Measure efficiency in data and MC

L 0.7
= F

T 0.6

s
= 0.5
@

904

I
JRCKEL:

0.2 F

a1
0

Characterise the B-tagger: Efficiency

SecVix Tag Efficiency for Top b—Jets

Tight Secitx
Locse Sechix

_ Top MU scaled to match data
F Only b—jets with Inl<1
:I 1 1 1 I L 1 L I 1 1 1 I 1 L 1 I L 1 1 I 1 1 I 1 L I

b—tag efficiency

20 40 sl ol
jet E; (GeV)

106 120 140 160 180

i
oo

=
n

o
.

-
L

[a
-2

[

D-I

electron
jet

SecWix Tag Efficiency for Top b—Jets

Tight Secitx
Loocse SechWix

Top MC scaled to match data
Cnly b—jets with E;> 15 GeV

I I I I IIIIIIIIIIIIIIIIIIII
1.2 14 16 1.8 2

et

0 2 04 06 0.8 1

Achieve efficiency of about 40-50% at Tevatron
(can use top events directly to measure efficiency at LHC)



Characterise the B-tagger: Mistag rate

= Mistag Rate measurement:
= Probability of light quarks to

be misidentified

= Use "negative” tags: L, <0

Can only arise due to
misreconstruction

= Mistag rate for E;=50 GeV:

Tight: 0.5% (e=43%)
Loose: 2% (¢=50%)
= Depending on physics
analyses:

Choose “tight” or “loose”
tagging algorithm

mistag rate

(13

&
22
I

positive” tag  “negative” tag

/4

SecWix Mistag Rates

F Tight Secvix
- Loose Secvitx

Cnly jets with k<

-« BN BN B B B B B
20 40 60 eG 100 120 140 160 180
jet E; (GeV)
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The Top Signal: Lepton + Jets

= Select:
= 1 electron or muon
= Large missing E-
= 1 or 2 b-tagged jets

‘ missing ET ‘

PO Runll Preliminary —— DATA DO Runll Preliminary
1200k B i 14jets (8.3)pb 100
I - ﬁ—) I (83)pb :
1000 — 80
et - Whbhb r
1 60 double-tagged
7w L
Multi-jet L
J a0 events, nearly
200 no background
0~ Jet  2Jets  3Jets  >dJets 0 et 3Jets  >dJets

T

Check
backgrounds

Top Signal | o(tf) = 8.3*06 , ((stat) + 1.1 (syst) pb




Data and Monte Carlo Comparison

m ﬁ%ﬁi—nun“ Preliminary SATA - [J:E{ Runll Preliminary DATA
= - - T — l+jets (B.3ph) 1= = e tf — l+jets (5.30b)
¢ _F [ i - Il (8.3ph) g 90F [ 1 — Il {8.3p5)
o 90¢ I =ingle top il - I single top
C EE Wee 40 B wice
40 [ Wit - B Wb
E - I'lﬂl'lu 3“'__ - I'H'IIJ.I
30 B 7y - [ -
- | Muttiet - | Hhuitijet
205 20
1 n.i— 10F
q] 20 40 60 30 100 120 140 160 180 200 oﬂ 20 40 &0 30 100 120 140 160 1380 200
Lepton P; [GeV] Missing ET [GeV]
- D& Bunll Preliminary SATA - D& Runll Preliminary mr—
= 45 I 7 — l+jets (B.3p0) = 45 B — 1jsts (8.2)cb
40 B Il (8.3pb) 2 40 £ 1l (8.3
| I zingle top w B single top
35 [ wec 35 [ wee
30 [ wio 30 I oo
25 [ 25 = Wi
B Frautau [
20 1 Multijet 20 1 Multijet
15 15
10 10
5
50 100 150 200 Dﬂ 50 100 150 200 250 300 350 400 450 500

250 300
Leading Jet p_ [GeV] H; [GeV]
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The Top Signal: Dilepton

= Select:
= 2 leptons: ee, eu, uu
= Large missing E;
= 2 jets (with or w/o b-tag)

‘ missig ET ‘

w/0 b-tag with b-tag

1801 CDF Runll pre—".Ti;?ary (750 pb-1) _ 25j * DO Data D@ Runll Preliminary, 370 pb!
160 [ LU0 Bkgd + 1o uncertainty _ : th
[Jtic=83ph) ] L
140 | [ wwiwz ] ZO—DZ — €8, Hi
oy ] :|:|Z — 1T
2 120, y B, ] :.WW o [
§ 100 ' 1s-lMultijst/W+ets e =7
W gof \\x . _ L
soF : ] 10} {
40 | : 3 N
= L J
20f z Lo
5 A T
0 Jet 1 jet >2jet HT>200+0S !
Jet Multiplicity after Z veto, MET > 25 GeV and L-cut
0

2

G =62 0.9 (stat) = 0.9 (sys) pb
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The Top Cross Section

LN L L
I:l Cacciari et al. JHEP 0404:068 {2004) Assume m=175 GeVic’
Kidonakis,Vogt PRD 68 114014 (2003) CDF Preliminar‘y‘

i

‘Dilepton 7 a
L / 8.3+1.5+1.0:0.5
. 7
Lepton+Jets: Kinematic '
Leptonet / 6.0:0.6:0.9+0.3
‘Lepton+Jets: Vertex Ta
Loplon+Jet 9?% 8.2+0.6+0.9+0.5
E . -
Lepton+Jets: Soft Muo 1.3
o 703 ob) ":% 5.3:3.3+,4+0.3
"MET+Jets: Verte;: 1-'ag / :6 11.2 +1.4+0 4
(L= 311 pb”) / S X S
— . L |

"All-hadronic: Vertex Ta%/ 8.0+1.7 +3.3+0 5
(L= 311 pb”) / el 22
‘Combined

1 7.3+0.5+0.6+0.4
(t= ?EF pb) | |% (stat) + (syst) + (lum)

0 2 4 6 8 10 12 14

o(pp — tt) (pb)

Tevatron

= Measured using many different
techniques

= Good agreement
between all measurements
between data and theory

= Precision: ~13%

LHC:
= Cross section ~100 times larger

= Measurement will be one of the first
milestones (already with 10 pb-1)
Test prediction

demonstrate good understanding of
detector

= Expected precision
~4% with 100 pb-"!
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Precision Measurement of Electroweak

Sector of the Standard Model

= W boson mass
= Top quark mass
* Implications for the Higgs boson

35



The W boson, the top quark and the Higgs boson

= Top quark is the heaviest known
fundamental particle t

= Today: m,,=172.6+-1.4 GeV . .
= Run 1: m,,=178+-4.3 GeV/c?

= [s this large mass telling us
something about electroweak
symmetry breaking?
Top yukawa coupling:

<H>/(\2 mtop) = 1.008+-0.008 -

= Masses related through radiative 80.5 | W LEP 2 and Tevatron i
i . (Preliminary)

corrections: -

- mWNMtop2 %

= my~In(my) O

=

£

SM broken 1

68% CL

= |f there are new particles the relation
might change:
= Precision measurement of top quark

and W boson mass can reveal new ' y
physics

SM okay /




W Boson mass

= Real precision measurement:

= LEP: M,=80.367+0.033 GeV/c?

= Precision: 0.04%

=> Very challenging!

= Main measurement ingredients:

= Lepton p;

= Hadronic recolil parallel to lepton: u
= Z—l|l superb calibration sample:

¢ but statistically limited: mp = \/ 2ppr (1 — cos Ag),
About a factor 10 less Z’'s than W'’s

Most systematic uncertainties are
related to size of Z sample

Will scale with 1N, (=1/7L)

Electron W
B

-
K

2>--._Neutrino

Pr = lpr +




Lepton Momentum Scale and Resolution
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= Systematic uncertainty on momentum scale: 0.04%
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Systematic Uncertainties

mt Fit Uncertainties

Source W — pr W — er Correlation

Tracker Momentum Scale 17 17 100%

Calorimeter Energy Scale 0 25 0%

Lepton Resolution 3 9 0%

Lepton Efficiency 1 3 0% | Limited by data
Lepton Tower Removal 5 8 100% | statistics

Recoil Scale 9 9 100%

Recoil Resolution 7 7 100%

Backgrounds 9 8 0% ..

PDFs 11 11 1009 | LAmited by data
W Boson pr 3 3 100% and theoret}cal
Photon Radiation 12 11 1005, | Understanding
Statistical 54 48 0%

Total 60 62 -

TABLE IX: Uncertainties in units of MeV on the trans-
verse mass fit for mw n the W — pr and W — e
samples.

= Qverall uncertainty 60 MeV for both analyses
= Careful treatment of correlations between them

= Dominated by stat. error (50 MeV) vs syst. (33 MeV)
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W Boson Mass

10000

E C DO Preliminary, 1 fb” o DATA
' 7500/ — FAST MC CDF Run 0/l F—e——  80.436 + 0.081
o -
2 n Bl W->wv
g 5000 W Z>ee DO Run | ——e—— §0.478 + 0.083
L — Fit Region QCD
- 2/dof = 48/49
2500 r wico CDF Run I —e— 80.413+ 0.048
%o 60 70 80 90 m G 00 Tevatron Run-0l —o—i 80.432 + 0.039
= Ar 3
B ?0 Preliminary, 1 fb
2 ﬁ*+++ ......... +++++*+H++++ ..... HH ........... +H+ ................ +HH ..... World average (prel.) +@&- 80.399 + 0.025
0 “ + }H++ #+++ + +++ *+++H++**++++ +++*++ ++*+++*H+H+ﬂ +*+ DO Runll (nrel ) —e— 80.401+ 0.043
RS IR gy LI g | | |
| | | | 30 802 804 806
%o 60 70 80 0 A m,, (GeV)

New world average:

M, =80399 + 23 MeV
Ultimate precision:
Tevatron: 15-20 MeV
LHC: unclear (5 MeV?) 40



Top Mass Measurement: tt— (blv) (bqq)

Lepton

= 4 jets, 1 lepton and missing E;  venaandés
= Which jet belongs to what? |
= Combinatorics!

= B-tagging helps:
= 2 b-tags =>2 combinations
= 1 b-tag => 6 combinations bjet
= 0 b-tags =>12 combinations

= Two Strategies:

Light quark jet

FSR jet

q
= Template method: W ‘_/
= Uses “best” combination f q

= Chi2 fit requires m(t)=m(t) b

()(l()(l()

= Matrix Element method: W
= Uses all combinations 5 "IJ -
= Assign probability depending on \

kinematic consistency with top

<|‘
o

<|l
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Inputs: o 2tag _
o 1000F All Events ~o
= Jet 4-vectors > so0. e v =
= Lepton 4-vector oo Il Moo 9
= Remaining transverse energ' £ 400: £
P e $ 200¢ S
T,UE T : v

0100 150 200 250 300 350

Top Mass Determination

Prv=-(Pr P UET 2P jet)

reco 2

Constraints: m;***(GeVie )
= M(Iv)=M,, IR — L _
— ) 700- [J Al Events i)
- M(qC_I)_MW > ggg RMS = 31 GeV/c?| >
" MO=ME) T A S
Unknown: g 30 2
. g : o
= Neutrino p, il 103; &

o ta 100 150 200 250 300 350
1 unknown, 3 constraints: mo(GeVic)

Overconstrained

Can measure M(t) for each
event: m,reco

Leave jet energy scale (“JES”)
as free parameter

20-50% of the time

900
800
700
600
500
400
300
200
100

1-tag(T)

] All Events

RMS = 32 GeV/c?
[l Corr. Comb (28%)
RMS = 13 GeV/c?

100 150 200 250 %00 330
m{**°(GeV/c")

0-tag
[J All Events

RMS = 37 GeV/c?
[l Corr. Comb (20%)
RMS = 12 GeV/c?

100 150 200 250 %00 350
m{**°(GeV/c")

Selecting correct combination
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Example Results on m,

CDF Run Il Preliminary 3.2 fb”

—_ 1.4 =
2 -
W 1.2
wl -
< =
0.8
0.6
0.4
0.2
0= — A(InL)=-0.5
02— — A(InL)=-2.0
94 — A(InL)=-4.5
Ty - N I I AP R R B B SR
167 168 169 170 171 172 173 174 175 136
m, (GeVic’)
mmp = top =
173.7 + 0.8 (stat) + 1.6 (syst) GeV 172.1 + 0.9 (stat) = 1.3 (syst) GeV

P 1 4 +1.0% >e2md +0.9%
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[ J [ J
Combining M, _ Results
. Mass of the Top Quark (*Preliminary)
= Excellent results in each channel | .
= Dilepton CDF-1dH . 167.4+10.3+ 4.9
= Lepton+jets DO-1 dH 168.4+12.3+ 3.6
" All-hadronic CDF-Il di- 1712427429
= Combine them to improve ‘DO di T 727120424
precision CDF-11+j 176.1+ 5.1+ 5.3
= |nclude Run-I| results DO-1 143 —
_ 180.1+ 3.9+ 3.6
= Account for correlations ‘GOl 1+ R 17914 0.9+ 13
= Uncertainty: 1.3 GeV DO-1l 14 B  1737:08:186
= Dominated by syst. CDF- all 186.0 410,04 5.7
uncertainties CDF-ll ally 174.8+1.7+1.9
= Precision so high that ‘CDF-Il rk 1753462430
. . -9~
theorists wonder about Tevatron March'09 1731+ 0.6+ 1.1
" ... . hep-ex/0903.2503 (stat.) + (syst.
what it's exact definition is! | 1 1 | Pursesmcomem
150 160 170 180 190 200
my,, (GeVv/c?)

Tevatron/LHC expect to improve precision to ~1 GeV 44



Implications for the Higgs Boson

LEPEWWG 03/09

. =0N+30
Relation: My, vs m,, vs My my =90"° ,, GeV

March 2008
1

' ' | 6 March 2009 M = 163 GeV
{ —LEP2 and Tevatron (prel.) | B ' inty B :
80.5 -~ LEP1 and SLD - i Aol = ]
o CL L 1 —0.027580.00035
68% y % = 0.0274940.00012
; 4 % i incl. low Q2 data —
) - |
© 8041 | | e g |
= ' = T
- 5 B
80.3{ 1- .
__ 0 | Excluded .‘“"x.. Preliminary |
150 175 200 30 100 300
m, [GeV] m,, [GeV]
Standard Model still sl Indirect constraints:
andar odel stiit WOorks! mH<163 GeV @95%CL B



= Perturbative QCD describes hadron collider data
successfully:
= Jet cross sections: Ao/o = 20-100%

= W/Z cross section: Ao/oc = 6%
= Top cross section: Ao/oc = 15%

= High Precision measurements
= W boson mass: AM,,/M,, =0.028%

= top quark mass: Am,,,/m,,,=0.75%

= Standard Model still works!

= Higgs boson constrained
114<m_ <160 GeV/c? at 95% C.L. (combining direct and indirect results)

= Direct Searches: see next lecture!
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